There is currently a great deal of interest in culture media and methods for the selective recovery of Listeria spp. from food specimens, which stems from relatively recent human outbreaks of listeriosis (9, 14, 26) . These outbreaks emphasized the need for more effective detection and recovery methods for Listeria monocytogenes, especially from dairy products. While L. monocytogenes is the only species at the present time that has been associated with human listeriosis, Listeria ivanovii, Listeria innocua, and Listeria seeligeri have been recorded as suspect pathogens (5, 24) . Because the listeriae are generally outnumbered in food products by other organisms, their selective recovery has been the subject of a large number of recent studies (1, 3, 7, 8, 16, 18, 19, 22, 25, 28) . Only four media selective for listeriae had been described prior to 1983 (4, 20, 21, 23 ), but about a dozen formulations have been published in the past 4 to 5 years. Several groups of investigators have compared two or more of these media for specific types of food, using limited numbers of listerial strains (2, 10, 11, 13, 17, 27) . No reports exist in which large numbers of organisms were employed to assess the performance of a large number of the proposed media.
The aim of the present study was to evaluate the performance of seven selective plating media for enumerating not only L. monocytogenes but other Listeria species in pure and mixed culture, and to assess the ease of recognizing L. monocytogenes against the normal microbial flora of selected foods. * (Table 2 ). An additional 36 organisms were employed for the qualitative evaluations, and they were divided into the following groups: (i) six Listeria monocytogenes (ATCC 19111, 19112, 19114, 19115, 19116, and 19117 There were significant differences in the size of colonies formed on the various media. CNPA produced the largest colony diameters. MBG supported large colonies, whereas the very small colonies on MBGA were barely enumerable. When plates of the media (except RISA and MVJ agar) were viewed by oblique lighting, the characteristic blue appearance of listeriae was easiest to see for colonies formed on CNPA, followed by LPM agar and TA. Listeria colonies on ACA were yellowish-green in color. On MVJ agar, they appeared as shiny, small, black-to-the-edge colonies on a light red background (tellurite positive, mannitol negative). RISA produced small dark-green colonies (esculin hydrolysis) surrounded by a blackened zone.
Microscopic observations revealed that atypical cell morphology was ance. The enterococci appeared as small colonies, whereas the pseudomonad formed a brownish, medium-sized colony type. Easy to differentiate was C. lipolytica, having white colonies with no background coloration of the medium. No appreciable colony formation was observed on MVJ agar after 48 h. However, after 72 h two colony types could be enumerated: Listeria, which formed small black colonies, and C. lipolytica, which formed small white colonies. One L. monocytogenes strain (Scott A) appeared to be inhibited on this medium, forming only a few isolated colonies. Overall, from the mixed-culture evaluation of the media, the listeriae were easiest to recognize and enumerate on MVJ agar, followed by LPM and RISA. MBG did not prove satisfactory for this purpose.
Recovery from inoculated foods. In experiment 2, the four most promising plating media (MBG, LPM, RISA, and MVJ) were tested for their recovery of L. monocytogenes Scott A from the contaminating background flora of selected foods. Plating of the pure culture of Scott A indicated inhibitory properties of MVJ agar for this strain, since no colonies formed in 48 h at 30°C. Also, no growth was obtained on any medium including TA from the plated yogurt samples, with or without Listeria spp.
Upon the plating of milk samples containing ca. 103 listeriae per ml on LPM and MBG agars, listeriae were present on MBG, but they were masked by the larger background flora. On the other hand, LPM agar facilitated recognition and recovery of listerial colonies while small colonies of lactic acid bacteria did not interfere with their recognition. With respect to the other media tested, no background growth from milk was observed on RISA and MVJ agar, while RISA allowed easy recognition of listeriae.
The tzatziki flora formed pinpoint colonies on MBG, but not on other media. However, this did not interfere with the recovery of the much larger Listeria colonies on this medium. The natural flora of vegetables contained high numbers of different organisms since two or more different types were observed on each medium, except MVJ. Enumeration of listeriae was easiest on LPM agar, somewhat more difficult on RISA, and not possible on MBG, which did not suppress the contaminants sufficiently while enhancing growth of the listeriae.
Both fresh ground beef and fresh scallops yielded high colony counts on MBG, fewer on RISA, and only a few colonies on LPM agar. Recognition of suspect listerial colonies was possible only on LPM, while RISA and MBG were not sufficiently selective.
Overall, the best medium to suppress the natural flora of the tested food products was MVJ agar followed by LPM agar and RISA. However, LPM agar was most satisfactory for recovery and enumeration of listeriae, since MVJ agar proved to be inhibitory to the tested strain of L. monocytogenes.
DISCUSSION
In the quantitative assessment of the seven selective media employing 30 bacterial species or strains, the Spiral Plater proved to be a time-saving and reliable operating tool for the determination of cell numbers. Results were accurate and reproducible, and the variation between replicates was 5%. We found it particularly useful for repeated platings of the same inoculum on many plates, which assures reliable quantitative results. The Spiral Plater has been found to be comparable to, if not better than, the standard plate count by several investigators, among whom are Jarvis et al. (15) , and it has received Association of Official Analytical Chemists approval as an official method.
ACA effected the highest recovery of listeriae, with numbers being close to those on TA. However, almost all other gram-positive bacteria, some gram-negative strains, and the five yeasts all formed colonies on this medium. In addition to its lack of selectivity, this medium did not work with oblique lighting since the colonies were yellow to greenish in color. Oblique lighting was unreliable for other media, a fact that has been noted by McClain and Lee (22) .
LPM and MVJ agars were the only two media that inhibited the 10 lactic acid bacteria in pure culture. The latter proved very useful because of its differential capacity. However, it did not facilitate quantitative recovery of all listeriae although the formulation we used differed from that of Buchanan et al. (2, 3) . Their original formulation contains 20 mg of bacitracin per liter but it was found to be too inhibitory to listeriae. To take advantage of tellurite as a differential agent, we tried a formulation of LPM agar with added tellurite and also a formulation of Baird-Parker agar employing the same agents used in MVJ agar. However, all of the tested listerial strains were inhibited by both medium formulations. The considerable difference between LPM and LPM plus tellurite suggests that tellurite is the critical ingredient in the formulation. It is unclear as to why listeriae did not grow on modified Baird-Parker agar since they grew on MVJ agar. It might be due to the high concentration of glycine and LiCl in conjunction with tellurite and other ingredients.
Moxalactam, the broad-range cephalosporin antibiotic used in LPM and MVJ agars, proved to be highly useful, controlling not only the gram-negative bacteria but also most of the other gram positives. It appears to be the agent of choice for further development of media selective for listeriae, and it was used in two recently published medium formulations (8, 28) .
With respect to the many selective agents used for listerial media, we tried a medium originally designed as a selective enrichment broth (6) by adding 1.5% agar, but it was inhibitory to all listeriae tested and was excluded from further studies. This medium employs acriflavine and poly-myxin B as selective agents, both of which have been shown to be inhibitory at certain concentrations (25) .
Media, such as MVJ agar, that are highly selective and partially suppressive to uninjured listeriae are not useful for the recovery and enumeration of injured cells, which might be present in certain foods such as pasteurized milk (6) . Furthermore, listeriae are usually far outnumbered by other microorganisms that occur naturally in specific types of food or biological specimens. This suggests the need for a recovery and selective enrichment procedure prior to enumeration.
In regard to colony and cell morphology of listeriae on selective media, it was reported by Gray and Killinger (12) that some listerial strains tend to dissociate in culture. We found this particularly true for strain Scott A, and it was sometimes troublesome to enumerate colonies of this strain when using oblique lighting. Furthermore, strain Scott A showed a varying growth response on the same media, especially when plated in mixed cultures, making it difficult to enumerate. As noted above, listerial colonies displayed atypical cellular morphology when grown on LPM, ACA, and MVJ agars. This might have been due to the cell wall-active antibiotics, and care should be exercised when using microscopic observations to confirm suspect listerial colonies from selective plating media. The behavior of strain Scott A in mixed culture, along with its aberrant morphology on selective media, may be related to the production of extracellular substances by certain other organisms. These phenomena may be of significance in explaining the difficulty of recovering L. monocytogenes from dairy products, as well as the varying results obtained in thermal destruction studies. Further research is being conducted in this area.
In summary, LPM agar was found to be the most effective of the media evaluated; the differential capacity of MVJ agar was particularly useful. MBGA was much less satisfactory than MBG.
